Synthesis of MAPbX
NCs. 0.8 mmol PbI 2 or PbBr 2 was added in 8 mL ODE with 1.2 mL OLA and 1.2 mL OA, and heated to 100 °C to dissolve. 0.8 mmol MAI or MABr was dissolved in the mixture of 8 mL 1-BuOH and 4 mL ODE with 1 mL OA. For MAPbI 3 synthesis, the PbI 2 solution and MAI solution were pumped using syringe pumps and mixed in a T-juction with a molar ratio of 1:1 before being flown through a 3 meter PTFE tubing (1.5 mm ID) reactor in a water bath of 30 °C, as shown in Figure  1 . The flow rates of the two solutions were set to be 236 uL/min and 294 uL/min respectively, resulting in a residence time of 10 min. The mixture was collected in a container sitting inside an ice bath to help quench the reaction. The final product was centrifuged and the supernatant containing any unreacted precursors was discarded. The solid was re-dispersed in toluene. In some cases a second centrifugation step was used to remove any larger aggregates. For MAPbI x Br 3-x NCs, the PbI 2 solution was replaced by the mixture of PbI 2 solution and PbBr 2 solution, and/or MAI solution was replaced by the mixture of MAI solution and MABr solution, according to the ratio of I:Br=x:(3-x).
Synthesis of bulk MAPbI 3 powder and film. PbI 2 and CH 3 NH 3 I were dissolved in DMF and stirred at 60 o C for an hour. To make the MAPbI 3 powder, the solution was cast onto a clean glass petri dish at 100 o C and left for an hour. To prepare the MAPbI 3 films, the solution was spin-coated onto clean 2.5 cm × 2.5 cm FTO substrates at 3000 rpm for 30 s followed by annealing at 100 o C for 30 min.
Photoluminescence. Photoluminescence spectra were obtained on a Gilden photonics fluoroSENS fluorimeter. The dispersions of MAPbX 3 NCs and bulk MAPbI 3 powder in toluene were put in a 1-cm quartz cuvette and excited at 365 nm. The integrating time was 100 ms. All the data were obtained at room temperature and under air atmosphere.
UV-visible measurement. UV-vis spectra of the MAPbX 3 NCs dispersed in toluene were measured using a quartz cuvette on a Varian Cary 50 UV-Visible spectrophotometer. Scans were carried out at a rate of 300 nm/min at room temperature.
X-ray diffraction (XRD).
Clean silicon wafers were immersed in the dispersion of MAPbX 3 NCs in toluene. After 48h, the wafers were taken out and blow-dried with nitrogen flow. XRD spectra of the NC films and the MAPbI 3 bulk film were measured using a BRUKER D8-Advance Powder X-Ray Electronic Supplementary Material (ESI) for Reaction Chemistry & Engineering. This journal is © The Royal Society of Chemistry 2018 Diffractometer using Copper source at a voltage of 40 kV and 40 mA, and PSD:VANTEC-1 detector. The diffraction pattern was scanned over the angular range of 5-40 degree (2θ) with a step size of 0.023 and a rotation speed of 15 rpm, at room temperature.
Transmission electron microscopy (TEM). TEM measurements were carried out to investigate the micromorphology of the MAPbX 3 NCs. The samples were prepared by dropping the toluene dispersions of the NCs onto carbon supported copper grids followed by drying overnight under vacuum. The TEM measurements were performed on a JEOL JEM-2100Plus transmission electron microscope with an acceleration voltage of 200 kV. 
